The Barkhausen jumps or avalanches in magnetic domain-walls motion between succesive pinned configurations, due the competition among magnetic external driving force and substrum quenched disorder, appear in bulk materials and thin films. We introduce a model based in rules for the domain wall evolution of ferromagnetic media with exchange or short-range interactions, that include disorder and driving force effects. We simulate in 2-dimensions with Monte Carlo dynamics, 
I. INTRODUCTION
Depending on shape, composition, and energy contributions, among others, ferromagnetic materials can form magnetic domains. These domains are separated by domain walls (DW) and their magnetization is slightly inhomogeneous, due to internal disorder. The disorder includes vacancies, defects, impurities and dislocations, fixed inside the material, and limits the movement of DW when the material is placed in an external magnetic field.
The quenched disorder, known as Barkhausen noise by the name of the scientist who first observed, [1] is an early example of the origen of complexity in materials science and has been intensively studied to date. [2, 3] In many cases, the wall exhibit a jerky motion between states of quiescence, known as Barkhausen jumps or avalanches. The competition between restoring forces and quenched disorder results in transitory multi-metastable states. Locally, the wall leaves a metastable state basically by two mechanisms: by fluctuations spontaneously or, under certain conditions, driven by magnetic external force. Examples of avalanches with quenched sustrate disorder are the dislocation and crack propagation, [4] stick-slip motion of tectonic plates [5] and those with origin from depinning of fluid contact-interface. [6] Avalanches have also been studied in models without quenched substrate disorder, such as in sandpile models and in granular matter. [7] An important characteristics of avalanche motion is its scale invariance, self-organized criticality, a distribution P (S) ∼ S −τ of the avalanche-sizes S, and a distribution P (T ) ∼ T −α of the avalanches-durations T , being τ and α the size and duration critical exponents, respectivelly.
The structure and motion of the DW in bulk materials with defects has been studied long time. [8] In such systems the more accepted structure is that of Bloch, where the magnetization rotates through of wall, outside of the plane of the magnetic moments. The statistical properties of the DW avalanches are understood today by means of depinning transition models, [9, 10] that explain very well many experimental results. Models and experiments have been grouped into two universality classes depending on the values of critical exponents, which also verified scaling equalities fully accepted. [11] One class includes materials with dipolar or long-range interactions, e.g. polycrystaline and crystallized amorphous materials, where the exponents take values close to τ ℓ = 1.5 and α ℓ = 2.0 . [12] The other class includes materials with predominantly exchange or short-range interactions, e.g. softmagnetic materials with high anisotropy, where the exponents take values close to τ s = 1.27
and α s = 1.50 . [2, 13, 14] When dipolar interactions are neglegect front propagation occurs, similarly e.g. fluid imbibition in porous media, otherwise there is a mean field like behavior.
In thin films the wall motion is dominated by depinning too, but additionally the DW change their structure depending on the thickness of the film. Neel was the first to note that the theory of the Bloch walls is not valid for thin films if the thickness is comparable to the width of the wall. [15] As the thickness decreases, the wall passes through the stages of Bloch wall, asymmetric walls, crosstie wall, and Néel wall where atomic moments remain in plane while the rotation occurs. [16] It is not known yet if the wall structure affects movement.
Some experimental results show that no changes expected in the statistical results when varying the thickness of the thin film. [17] However, theoretically, the manner of interaction of the wall with the defects could determine whether the magnetization can rotate locally overcome the defect or, in other words, if the wall can pass across the defect. [18] The thin film exponents should be universal in the sense of describing a large number of materials and systems and must be independent of microscopic details. Magnetic thin films (bellow 200 nm) have exponents belonging to a new universality classes different from the 3-dimensional magnets. [19] [20] [21] The usual theoretical approach to these thin films are 2-dimensional models. Recently, experimental results show that the critical exponent of the size distribution decreases with increasing temperature, a fact attributed to a transition between the universality classes of long-to short-range interactions. [21] However, theoretically, this is an argument that can be sustained only for 3-dimensional systems. [22] The paper is organized as follows. In the next Section we present the simulation model and the statistical properties of the DW avalanches. We introduce a model based on local evolution rules of the wall, with or without external magnetic field, taking into account the defects found the wall in your progress. Also we present the definitions of avalanche size and duration used here to calculate the distributions. In Section III we provide an overview of our numerical results. We present the basic statistical properties of the distributions of avalanche-size and -duration. Also we analyze the results compared with available experimental and theoretical. Section IV finishes the paper with conclusions.
II. THE MODEL
In a magnetizable material we consider a volume element consisting of two domains separated by a magnetic DW. We assume both domains composed of opposite magnetic dipoles and point defects arranged in the nodes or sites on a regular array. We call active (or inactive) to sites containing dipoles (or defects). We suppose that the DW consists only of active sites and can move through the inactive ones. In the model we disregard the possible mechanisms that explain the structure of the DW. Just assume that at any moment the DW is a monolayer dipole with magnetic dipole moment perpendicular to the domains, and that the magnetization is in the "easy direction".
To model a thin film, we consider dipoles and defects located at the nodes of a twodimensional square lattice of edge L with periodic boundary condition. In this lattice, we assign a random pinning function ξ(i, k) uniformly distributed in the interval [0, 1] to every
is active, otherwise is inactive. To characterize the disorder in the lattice we use the activity function [23] where θ(x) is the unit step function defined as θ(x) = 1 for x ≥ 0 and θ(x) = 0 for x < 0. A dipole located at the nodes of the DW has perpendicular component to the easy direction. If (j, n j ) is a point on the DW in the discrete lattice, with j = 1, . . . , L and n j = 1, 2, . . . , an active site (or inactive) next to the wall is described by F (j, n j ± 1) = 1 (or 0).
Our model is based on local evolution rules for all points of the DW. These rules include the short-range ferromagnetic interactions, taking into account the local balance of magnetic moment on both sides of a point on the wall. When there is local unbalance in the opposite direction of movement, the DW at this point spontaneously reaches equilibrium. Otherwise, when there is balance, the DW can move driven by the applied field. Hence we assume that a point on the DW can move spontaneously with probability c if the magnetic dipole moment in the environment is unbalanced on both sides of the wall. Else, if there is an approximate balance on both sides, with probability 1− c the DW point on the wall is driven by action of the field that attempts to remove it from the metastable state. We start the simulation with a flat DW. Chosen column j, the point (j, n j ) from the wall evolves according the following rules.
• With probability c : if F (j, n j + 1) = 1 and (a) 1 2 (n j+1 + n j−1 ) − n j ≥ 1 the wall point moves one unit [i.e. n j → n j + 1], or (b) otherwise the wall point is pinned.
• Else, with probability 1−c :
-If F (j, n j + 1) = 1 and n j+1 = n j−1 ≥ n j the wall point moves one unit up from its neighbors [i.e. n j → n j+1 + 1], otherwise the wall point moves (or not) up to the maximum between the site or its neighbors [i.e. n j → max(n j+1 , n j−1 , n j )];
-If F (j, n j + 1) = 0 and (a) n j+1 = n j−1 > n j + 1 the wall point moves one unit up from its neighbors [i.e. n j → n j+1 +1], or (b) n j+1 = n j−1 and max(n j+1 , n j−1 ) > n j + 2 the wall point moves up to the maximum between its neighbors [i.e. n j → max(n j+1 , n j−1 )], or (c) otherwise the wall point is pinned.
As the DW is made up of active sites, a rule is frustrated when a wall point trying to reach inactive sites.
If n(t) = (n 1 (t), . . . , n L (t)) is the position of the DW at time t, it is in metastable state during a time interval ∆t > 0 if n(t) = n(t + δt) forall δt ≤ ∆t. Otherwise, the DW moves to the next metastable state after a time interval T , making a jump S = L j=1 [n j (t + T ) − n j (t)]. Note that the jump is proportional to the average displacement of the DW between metastable states. To calculate the distributions of size S and duration T we extract the sequences of avalanches, over many realizations, between first-and last-jump, where the DW is finally pinned.
III. RESULTS
The distributions of avalanche-size P (S) and avalanche-duration P (T ) have been obtained for different values of c and p and different values os L between 64 and 4096. Powers law-type behavior was observed on both distributions.
In Figure 1 we show P (S) for different densities of active sites p close to criticality (p c = 0.865 ± 0.005) and c fix close to zero. The critical exponent of avalanche size is τ = 1.29 ± 0.02. It is possible to note that as increases the value of p diminishes the value of τ . This behavior was observed for different values of L. The inset (b) shows that as decreases the value of p the system moves away from the criticality, reducing the region that presents a behavior power law type. 
IV. CONCLUSIONS
The main achievement of our work has been to introduce an avalanches model that others. In our model the avalanche size distribution does not depend significantly on the lattice size, since the power-law behavior extends over two logarithmic orders. By contrast, our model shows that the avalanches duration distribution includes finite size effects, which tend to disappear by increasing the lattice size according to an exponential cutoff. An outstanding question in thin films is the theoretical and experimental characterization of materials with predominantly long-range interactions. [29] Finally, models based on evolution rules could be ussefull to take into account long-range interactions.
